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Introduction
The phytohormone abscisic acid (ABA) represents a key signal to regulate plant growth and development as well as plant response to abiotic and biotic stress [1] . In the plant field, the pivotal role played by ABA to coordinate the plant adaptive response under drought stress and hence potential applications in agriculture have led to numerous studies focused on the elucidation of ABA perception and downstream signaling.
Challenging our perspective as plant biologists, the discovery of ABA in humans and its prophylactic and therapeutic efficacy in mouse models of diabetes and atherosclerosis These findings have been extensively reviewed recently and they will not be the main topic of this review [1, [4] [5] [6] [7] [8] [9] [10] . Instead, we will focus on other emerging aspects of the ABA pathway, such as the identification of ABA transporters, an update on the effect of protein degradation/stability in ABA signaling, the connection between ABFs/WRKYs transcription factors (TFs) as well as new reports on Mg-chelatase function.
Efflux and uptake of ABA
Since ABA biosynthesis occurs predominantly in vascular parenchyma cells and ABA has systemic effects, a requirement for efficient intercellular transport of ABA, beyond that of passive diffusion, had been envisaged [11] [12] [13] . For instance, ABA2, AAO3 and NCED3, key enzymes of the ABA biosynthetic pathway, are expressed in specific areas of vascular tissues, which suggested the existence of a transport system to deliver ABA to target tissues and cells [11] [12] [13] . In 2010, two ABA transporters were identified by ]. To this end, seed germination and stomatal response were analyzed in 13 out of 15 knockout mutants (abcg29-41), and as a result, the mutant abcg40 was identified as having marked differences with respect to wild type (wt). Stomata of abcg40 showed reduced stomatal closure and lower inhibition of stomatal opening in the presence of ABA, and therefore, abcg40 plants showed enhanced wilting under drought stress and reduced increase in leaf temperature in response to ABA. ABCG40 function is also required in cell types other than guard cells, although gene expression in guard cells was higher than in mesophyll cells. Thus, experiments conducted in rosette tissue also showed delayed and reduced expression of three ABA-responsive genes in abcg40. Results obtained with abcg40 seeds are more difficult to interpret, because although these seeds were less-sensitive to inhibition of germination mediated by exogenous ABA, they also showed faster germination on medium lacking ABA.
Finally, biochemical experiments in the yeast heterologous system and tobacco cell suspensions showed that ABCG40 is a high-affinity (K m = 1 M) and specific uptake ABA transporter.
Although both transporters belong to the large ABC subfamily G, they are grouped in different branches because of an important structural difference, i.e.
ABCG25 belongs to the branch of half-size transporters (AtABCG1-28) and ABCG40 Mutants of some proteolysis-related components have a pleiotropic effect including impaired ABA signaling. For instance, the rpn10 mutant, which is impaired in a subunit of the 19S regulatory particle of the 26S proteasome, is affected in a number of processes and it shows hypersensitivity to ABA in seed germination and root growth assays as well as stabilization of the short-lived ABI5 transcription factor [20] .
Pleiotropic effects, including ABA hypersensitivity, were also found in the siz1 mutant, which was impaired in a SUMO E3 ligase. SIZ1 negatively regulates ABA signaling through sumoylation of ABI5, which inactivates the protein and prevents its proteasome-mediated degradation [28 ••This work provides evidence for the involvement of the N-end rule pathway of protein degradation in ABA signaling during seed germination and establishment. The authors identified prt6 as a mutant locus that, after-ripening, shows reduced germination and extreme ABAhypersensitive inhibition of germination. PRT6 encodes an N-recognin E3 ligase that promotes proteolysis of proteins containing N-terminal basic amino acids. Epistasis analysis with abi3 and abi5 mutants suggest that PRT6 functions upstream of these TFs. PRT6 must promote degradation of a key positive regulator of ABA signaling during the after-ripening period, removing ABA sensitivity to promote germination. This gives a molecular explanation for the ABA desensitizing step that takes place during seed after-ripening. •A triple areb1 areb2 abf3 mutant was generated and its ABA-response analyzed. Whereas ABA-sensitivity during seed germination was similar to wt, root growth was very resistant to ABA in the triple mutant. Water loss rate was slightly higher than wt, but the difference gradually disappeared. Instead, ABA-responsive gene expression was remarkably impaired in the triple mutant. Therefore, the enhanced drought sensitivity of the triple mutant is mostly due to impaired expression of stress-responsive genes than to altered transpiration rate. 
